Purpose -This paper aims to show a low-cost and easy to use measurement method for characterizing magnetic material B(H) relation up to medium frequencies providing an acceptable overall accuracy of the acquired data. Design/methodology/approach -Saturation fields at MHz frequencies are obtained through resonance effects of properly designed circuit. Simulations and measurements are presented and discussed. Findings -The paper shows the flexibility of the method and the possibility to use it for a complete characterization of the magnetic cores. Discussions and possible extension to rotating field measurements are reported. Originality/value -The paper provides information on a low-cost and easy to use measurement method to characterize magnetic hysteretic materials.
Introduction
An accurate experimental characterization of the hysteretic magnetic behaviour of magnetic materials operating in wide frequency intervals is a complex task. Well-known traditional methods allow for obtaining hysteresis cycle at low frequency (up to tens of kHz) but major obstacles appear with magnetic cores operating at higher frequencies (Schmidt and Güldner, 1996; Batista et al., 1999; Nakmahachalasint and Ngo, 2003; IEEE Std, 1991) . The cost and the difficulty of operation of high frequency-high voltage generators, in particular, determine the overall complexity of the experimental set-up. The basic idea of the proposed method is to use resonant effects to generate high magnetic field up to medium frequencies with the aim to strongly reduce the complexity of the system (Robles and Giannetti, 2003; Tellini et al., 2006) . As better explained in the next sections, the resonator system is obtained by means of a LC tank. The capacitor is properly chosen to select the main operating frequency while the inductance is related to the windings-magnetic core system. The determination of the Preisach model distribution function and the possibility to extend 
Design
The first approach developed by authors is shown in Figure 1 (Robles and Giannetti, 2003; Tellini et al., 2006) . It has three main parts: charge section, a LC tank and a switch. The basic principle of operation comprises two stages. In the first one, with the switch in short circuit state, the capacitor in the charge section, previously charged by the DC voltage source, discharges through the LC tank and the switch. This process charges the capacitor of the LC tank. In the second stage, with the switch in open circuit, the capacitor of the tank discharges through the inductance coiled to the ferrite under test. This discharge produces a dumped-amplitude oscillation whose instant frequency is the instant resonance frequency of the LC tank. The DC voltage must be high enough to saturate induction inside the ferrite. In this manner, by changing the value of this capacitance we are able to control the frequency. The voltage "V" is related to B inside the core and the intensity "I" is related to H. Hence, it is possible to obtain the hysteresis curve.
The main problem (see results Figure 1 ) with this approach is that at high frequencies (close to 1 MHz) the low energy stored in the LC tank does not allow to achieve negative saturation of the magnetic core. Even if not complete hysteresis cycles are obtained, it can be easily noticed how the measurements confirm the expected increase of the cycle area for higher operating frequencies.
The second experimental set-up proposed by the authors is shown in Figure 2 . The basic idea is the same of that in the original circuit, but here the oscillation of the LC tank is sustained in its negative half-wave by another DC voltage pulse (negative in this case) to achieve negative saturation. In this manner the complete half-hysteresis branch can be obtained.
Moreover, by repeating the charge injection it is possible, in theory, to maintain the oscillation for whatever period of time is needed to achieve a good measurement of the hysteresis cycle. This fact should help to better approach the observed "accommodation" phenomenon, i.e. the gradual drift toward an equilibrium loop of (between two fields) cycled minor loops and, as a consequence, to a more correct characterization of the magnetic material (Della Torre, 1994) . Experiments are, currently, in progress to better verify this aspect. In Figure 3 the principle of the charge injection is explained. In the previous circuit, the current was forced through the primary coil and the oscillation left to evolve undisturbed (grey line). With the new technique, when the current is crossing zero value, the opposite energy source is connected for a short period of time, so that the energy of the coil lost in the copper and in the magnetic material is re-supplied to the circuit. The system was implemented with two high frequencies, high power MOSFET and their relative drives with a floating separated power supply. The opening and closing of the switches S1 and S2 was controlled by means of a microcontroller of the PIC family.
Experimental determination of the Preisach function needs the knowledge of a set of magnetization curves. A family of symmetrical hysteresis loops with increasing amplitude (set of minor loops) or a family of hysteresis loops from negative saturation up to a certain field amplitude and back, increasing the amplitude (first-order transition (reversal) curves) are possible sets (Mayergoyz, 1991; Cardelli et al., 2000) . Minor loops could be measured by reducing the level of energy delivered to the system by either using lower constant voltages or shorter periods of activation of the electronic switches. Data provided by the proposed method can be used for the identification of the Preisach function.
Results and discussions
Simulation results of the proposed design are shown in Figure 4 . With this method it is possible to obtain complete hysteresis cycles of the material. The working frequency, as Method to characterize soft ferrite in the original circuit, is selectable via the capacitor of the main LC tank (C R in Figure 2 ). The results also show that steady state excitation of the core is virtually possible with this method. Currently, physical implementation and optimisation of the circuit is being performed in order to obtain accurate hysteresis loops at high frequency. To validate the system, an experiment was carried out by comparing the B-H measurement on a N-27 standard ferrite, made firstly with the traditional method and then with the proposed one, at a frequency (7 kHz) were good results for the traditional method could be reached. In Figure 5 The possibility to extend the method to vector characterization, such as circular or elliptical polarized fields is currently under investigation. The flexibility of the electronic system driving the field is, together to the possibility to generate high fields up to medium frequencies, very encouraging, although the case for vector hysteresis needs important adjustment to the system.
Conclusions
A low-cost and easy to use measurement method to characterize magnetic hysteretic materials has been shown. A LC tank has been used to create a resonance effect and, as a consequence, to generate high fields up to medium frequencies without the need of high-voltage generators. Improvements to sustain the oscillations and, thus, to cycle the loop between two fields have been presented and discussed. The method can be used for a complete characterization of a magnetic material and for a correct identification of dynamic Preisach models.
